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ABSTRACT: (178 WORDS) 
Purpose: To analyze the torque application on prosthetic abutment screws using different 
maintenance times, to determine an influence on the removal torque values. 
Materials and Methods: A total of 40 external hexagon implants, 40 titanium screws and 40 
customized abutments were used. In group 1, the screws received a torque of 30 Ncm by instant 
torque application; in groups 2, 3 and 4, torque of 30 Ncm was applied and maintained for 10, 20 
and 30 seconds, respectively. Removal torque was performed 10 minutes after torque application. 
Data were statistically analyzed using one-way ANOVA and Tukey’s HSD test (α = .05). Results: 
The mean and standard deviation (±SD) of removal torque values found were 11.61±1.43 Ncm for 
group 1; 18.64±1.71 Ncm for group 2; 21.62±0.97 Ncm for group 3; and 21.48±1.55 Ncm for 
group 4. Groups 3 and 4 exhibited statistically higher values than group 2, which demonstrated 
significantly higher values than group 1 (P<0.05). Conclusions: A torque of 30 Ncm applied for 
20 seconds seemed to be the best option when considering the removal torque values of external 
hexagon implants. 
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Screw loosening is a common problem associated with implant-supported prostheses.1,2 It causes 
inconvenience to the patient and practitioner, and can become financially onerous if it occurs 
frequently.3-5  Jemt1 stated that only 69.3% of prostheses had stable gold screws at the first 
postinsertion examination. Another study specifically examined the incidence of loose occlusal 
screws in a population of patients whose prostheses had been in use for at least 5 years and 
reported that 40% of slot-headed occlusal screws and 10% of screws with an internal hexagon 
were loose.6 Nissan et al.2 reported abutment screw loosening in screw-retained 32% and in 
cement-retained 9% restorations in a long term outcome study of implant-supported fixed partial 
dental restorations followed up to 15 years. Screw loosening seemed to occur most often with 
single-tooth implant-supported restorations.7-9  
 
The screw loosening may be related to several factors, including: screw tightening, quality of the 
prosthetic components, screw design, plastic deformation of contact surfaces and lack of passive 
fit.10-16 To prevent this problem, a number of modifications have been used, including modification 
of the implant body abutment interface (external or internal hexagon or octagon), use of gold 
screws, torque-controlling devices, screw cements, and the use of a silicone obturator and washers 
between the prostheses and screws.1,5,7,8,17,18 Also, centering the occlusal contact, flattening cuspal 
inclination, narrowing the buccolingual width of the crown, and reducing the cantilever length are 
some of the recommended procedures to overcome this problem.13,19-22 
 
The mechanics of screws have  been investigated in the dental literature.5 After application of a 
torque on the head of a screw, a clamping/tensile force called preload is generated on the screw 
threads, keeping the implant and prosthesis tightly together under all static and functional 
conditions.7,9 When the contacting surfaces are under compression, surface imperfections lead to 
increased friction and decreased preload.23,24 Some researchers  estimate that up to 10% of the 
initial preload may be lost due to surface imperfections in the first seconds after torque 
application.13,21,25 The amount of preload present at the threads of a prosthetic retaining screw 
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depends on the applied torque, the presence and type of lubricant, the physical properties of the 
materials in contact, and settling of the screw after initial torquing.26,27  
 
Higher torque usually leads to greater preload values.26,27 Conversely, excessive torque yields 
permanent deformation on the screw threads, potentially leading to fracture in the long term, due to 
the fatigue associated with mastication forces.27 Thus, the application of adequate torque is 
fundamental in reducing screw loosening and avoiding screw fracture. Previous studies have 
demonstrated that the stress generated on the screw threads by an ideal preload should be 60% to 
75% of the elasticity limit of the material employed for fabrication of the abutment screw.28-30  
 
The external hexagonal system is in the form of a protruding hexagon for dental implant 
systems.13,23 The mechanism of the external hexagonal type implant abutment screw loosening and 
torque loss was already explained in many previous papers.6,7,13,15,21,23,29,31,32 Researchers have 
suggested that repeated tightening of screws removes small irregularities on the mating surfaces, 
which in turn reduces the friction at the surfaces and leads to higher preload.13,14,16,25 In contrast, 
preload may not be easily maintained with reduced frictional resistance when functional forces 
exceed it.23 Therefore, it is advised that torque/detorque cycles are minimized both in laboratory 
and clinical routines.15,16,25 As an alternative method to repeated tightening method, the torque 
maintenance time may be extended during torque application in a single screw tightening 
procedure. In the literature, no data exist on the effect of torque maintenance times of torque 
application on detorque values in external hexagon type implant abutment screws. This in-vitro 
study investigated if torque application on prosthetic abutment screws, with different maintenance 
times (10, 20 and 30 seconds), influence the removal torque values when compared to the instant 
screw tightening technique. The null hypothesis tested was that the different maintenance times do 
not influence the removal torque values when compared to the instant screw tightening technique. 
 
MATERIALS AND METHODS 
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The study was conducted on 40 external hexagon implants (Master Porous 518710 - Conexão 
Sistemas de Prótese, São Paulo, Brazil) with 3.75-mm diameter and 10-mm length, 40 customized 
titanium abutments (Munhão 128021 - Conexão Sistemas de Prótese, São Paulo, Brazil) and 40 
square titanium screws (121024 - Conexão Sistemas de Prótese, São Paulo, Brazil - Titanium) 
(Fig. 1). The abutments were fixated on the implants with the titanium screws, using a hand-held 
screwdriver (06210099 - Conexão Sistemas de Prótese, São Paulo, Brazil) until resistance was felt. 
However, torque was not applied with the hand-held screwdriver. (au: please specify what type of 
Titanium: CP/ Grade? Alloy?. Also please indicate type of thread etc… 
Titanium Screw 121024 – Titanium Ti 6Al 4V	  
Thread design (Metric thread M2.0;  pitch: 0.4 mm	  
 
The implants were randomly assigned in 4 groups with 10 implants each, on which the abutment 
screws were submitted to different times of torque maintenance (Table 1). A digital torque meter 
(AFTI Advanced Force & Torque Indicator – Mecmesin – Horsham, United Kingdom) (Fig. 2) 
was used. The implants were individually fixated in one mandrel of the torque meter and tight in 
mandrel with a manual force sufficient to prevent its rotation during application of torque. A 
modified square screwdriver was inserted in the torque wrench (40000 Conexão Sistemas de 
Prótese - São Paulo, Brazil), which differs from the conventional screwdriver only for the presence 
of a rod with 2-cm length and 2-mm diameter on one end. This end was connected to the other 
mandrel of the digital torque meter, whose function was only to position the screwdriver on the 
same rotation axis of the implant/abutment/screw assembly. Thus, the screwdriver was kept free in 
the mandrel, which only guided the movement during torque/detorque application (Fig. 3). 
 
Similar to clinical torque application as recommended by the manufacturer, a torque of 30 Ncm 
was applied by the rod of the manual torque meter for the times established for each group. As the 
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torque was applied, it was controlled by the digital torque meter, whose display recorded the 
torque applied accurately and instantaneously, so that any variations in the torque would be 
immediately corrected and kept as close to 30.0 Ncm as possible. 
 
Ten minutes after torque application for the times suggested for each group, as assessed by a 
digital chronometer, the manual torque meter was adjusted for detorque, using the same devices 
employed for torque application. The maximum torque removal value was immediately recorded 
on the display of the digital torque meter and recorded on a table. 
 
The procedure was repeated ten times on all abutment screws of each group. The removal torque 
values were registered and data were statistically analyzed using SPSS 11.0 software for Windows 
(SPSS Inc., Chicago, IL, USA). The statistical analysis included calculating the means and 
standard deviations of all groups which were then submitted to Analysis of Variance (ANOVA) 
and comparisons of the mean removal torque values between groups by the Tukey’s HSD test. 
 
RESULTS 
 
The mean removal torque values after 10 minutes were 11.61 Ncm (SD ± 1.43 Ncm) for group 1, 
18.64 Ncm (SD ± 1.71 Ncm) for group 2, 21.62 Ncm (SD ± 0.97 Ncm) for group 3 and 21.48 Ncm 
(SD ± 1.55 Ncm) for group 4.  
 
ANOVA indicated significant differences among groups (P<0.05). Post-hoc comparisons were 
made by the Tukey’s HSD test (P<0.05), and indicated statistically significant difference between 
all groups, except between groups 3 and 4, which were statistically similar (Table 2). 
 
DISCUSSION 
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In some studies, the abutment screw is recommended to be tightened once with the recommended 
torque and then tightened again a few minutes later to minimize the embedment relaxation 
between mating threads, thus assisting to achieve the optimum preload.25,31,32 However, in daily 
practice it would be more practical way to tighten the abutment screw in a single tightening 
procedure with an appropriate method. Therefore, in this study, it was aimed to investigate the 
removal torque values of different maintenance times of torque application using a single screw 
tightening procedure. 
 
The results of this study revealed that different torque maintenance times of torque application 
affected the removal torque values. There was significant difference among removal torque values 
after instant torque application, 10 and 20 or 30 sec torque maintenance times. Therefore, the null 
hypothesis that the different maintenance times do not influence the removal torque values when 
compared to the instant screw tightening technique was rejected. Statistical analysis of the results 
demonstrated that torque maintenance for 10, 20 or 30 seconds promoted a significant increase in 
the removal torque values required for screw loosening when compared to the instant torque 
application. The removal torque value in group 1 was lower when compared to group 2, which in 
turn was lower than groups 3 and 4, which were statistically similar to each other. These results 
corroborate the assumption that, when torque is maintained for a certain time (groups 2, 3 and 4), a 
great part of the plastic deformation occurring mainly in the first seconds is compensated, avoiding 
excessive loss of the removal torque value when compared to the group submitted to instant torque 
application (group 1). In the current study, with the extended torque maintenance time (10 to 30 
seconds), the minimization of embedment relaxation between the mating threads might be 
achieved. The mechanical deformation of abutment screws that were subjected repeated tightening 
procedure might also be simulated. The decrease in preload, which could  occur due to the 
corrections of surface irregularities after instant torque application might be compensated with the 
better adaptation and friction of the contacting surfaces when the maintenance time is prolonged. 
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In the current study, the removal torque values were lower than the initial torque values. The 
results of the present study agree with previous studies, which demonstrated that the removal 
torque values measured after torque application on abutment screws were always lower than the 
initial torque values.23,24-26 Concerning the removal torque immediately after torque application, 
previous studies23,33 demonstrated a considerable loss, ranging from 11% to 35% of the torque 
value. In the present study, the loss of the torque applied after ten minutes was 61.3% for group 1, 
37.9% for group 2, 27.9% for group 3 and 28.4% for group 4, demonstrating a significantly greater 
percentage of retaining torque in groups 3 and 4. 
 
Some authors have reported that the friction is greater for the first screw tightening and loosening 
and is reduced after repeated cycles of tightening and loosening.34 It is believed that the initial 
cycles of screw tightening and loosening remove irregularities of the threads produced during 
machining of the screws, implants and prosthetic abutments, smoothing the surfaces and reducing 
the frictional forces.14,16,23 This factor is directly related to the coefficient of friction, which is 
controlled in the manufacturing process and is influenced by the metallurgical properties of the 
components, design and quality of finishing of the surfaces of screws and implants.33,35 Therefore, 
some studies demonstrate that the reuse of a screw allows greater preload production with the same 
torque applied.25,28 Especially, the reuse of gold screws allows greater preload production whereas 
the titanium screws reveal constant preload values when reused. Variables, such as geometric 
design factors (the thread pitch and implant complex dimensions), the material properties of the 
components, and environmental conditions such as the state of lubrication at mating surfaces 
should be also be taken into consideration. Nonetheless, in this study, minimal variables were 
included in order to investigate the effect of torque maintenance time on removal torque values. 
When working with machined components, some errors may be introduced in each abutment 
screw or implant during fabrication. However, this study used an adequate sample size of new 
components (implants, abutments and titanium screws) to minimize these variables. The present 
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study also did not aim to compare the removal torque values after repeated cycles of screw 
tightening and loosening. 
 
A single operator conducted the experiment. Despite this, the rate of torque application, time to 
reach the maximum torque36 and torque value applied may alter the removal torque value, which 
may not be identically reproduced for all specimens. To avoid these factors and standardize the 
torque applied, an electrical device (Torque handpiece Controller, Nobel Biocare AB, Karlskoga, 
Sweden) may be used.35 When this device is used, there may be a slight variation in the torque 
applied, which may be influenced by the axial load during application. However, this electrical 
device interrupts the torque application when the programmed torque is reached, which precluded 
its use in the present study, because the desired torque should be maintained for 10, 20 and 30 
seconds in groups 2, 3 and 4, respectively.  
 
A previous study35 mentioned the occurrence of large variations in the torque value when a 
mechanical torque wrench was used, due to the corrosion caused by the sterilization process. 
However, a new mechanical torque wrench and a digital torque measuring device were used in the 
present study, in order to minimize the variations that might occur upon torque application, 
allowing the desired torque maintenance for 10, 20 and 30 seconds in groups 2, 3 and 4, 
respectively. 
 
The presence and quantity of lubricant (saliva or blood) between the components may affect the 
coefficient of friction, which is reduced as the quantity of lubricant is increased.26 The present in-
vitro study estimated the torque required to loosen the screws when considering a condition 
without humidity. Therefore, it is assumed that the removal torque values found in this study 
would be different than expected in clinical conditions. 
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The torque loss observed, in the present study, occurred in an in-vitro situation, without the 
application of any external force, different from the clinical environment, in which the implant and 
prostheses are subjected to dynamical forces. A previous study37 demonstrated that a single 
application of a physiological load on a cantilever prosthesis may cause loss of preload on the 
prosthetic screw. Another study38 revealed that the retention mechanism of implant screws is 
significantly affected in-vivo by functional and parafunctional forces. Thus, the present results 
probably underestimate the torque loss that occurs clinically. Even though plastic deformation is 
unavoidable during tightening of prosthetic screws, the search for the highest preload possible is 
fundamental for the stability and success of implant-supported prostheses.  
 
Accurate materials and procedures are recommended to achieve the best preload possible on 
implant-supported prostheses, minimizing the deformation caused by surface irregularities. This 
highlights the importance of investigating mechanisms to control the deformation of implant-
supported metallic frameworks, in an attempt to enhance the preload and prosthetic stability. The 
recommended tightening torque values of abutment screws are different in different implant-
abutment systems. In the study of Tsuge and Hagiwara13 20 Ncm tightening torque was applied for 
tightening Ti Screws of  external hexagonal implants and abutments whereas, Khraisat et al.39 used 
the CeraOne abutments in their experiment and the recommended tightening torque was 32 Ncm. 
Asvanund and Morgano29 used 35 Ncm tightening torque for connecting external hexagon 
abutments in their study model. It must be highlighted that differences in abutment screw type, 
material and the tightening torque greatly influence preload.  
 
The results of the present in-vitro study demonstrated that torque maintenance for 10, 20 and 30 
seconds are better options when compared to instant torque application, promoting higher removal 
torque values 10 minutes after torque application. The torque of 30 Ncm applied for 20 seconds 
seemed to be the best option when considering the higher removal torque values compared to the 
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torque application for 10 seconds, and was similar to the value observed for torque application for 
30 seconds, with the advantage of reducing the time of torque maintenance by 10 seconds.  
 
This simple, accessible and low-cost procedure reduces preload loss on the prosthetic screws, 
enhancing the torque required for screw loosening. Therefore, the present results encourage the 
recommendation of applying and maintaining torque for 20 seconds on the prosthetic screws.  
 
There are some limitations of this study. No comparisons were made between the removal torque 
values of torque application after repeated screw tightening procedures and a single tightening 
procedure with torque application using different torque maintenance times. Further studies are 
needed on this context using scanning electron microscopy (SEM) for the evaluation of screw 
surfaces for better interpretation of the effects of each procedure to the surface texture of the 
screws. Also, a study set-up using eccentric cyclic loading in preferably simulated body fluid is 
needed to test the effects of different variables to each procedure in external hexagonal implant-
abutment-screw complex. 
 
CONCLUSION 
 
According to the results achieved and within the experimental conditions investigated, it was 
concluded that the application of a torque of 30 Ncm for 10, 20 or 30 seconds are better options 
when compared to the instant torque application in external hexagon implants. The torque of 30 
Ncm applied for 20 seconds seemed to be the best option when considering the higher removal 
torque values compared to the instant torque application and to torque application for 10 seconds, 
and considering the similar value observed for torque application for 30 seconds.  
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LEGENDS 
Table 1. Time of torque maintenance of torque (30 Ncm) application for the groups 1, 2, 3 and 4.  
Table 2. Mean removal torque values and standard deviation (±SD) for groups 1, 2, 3 and 4. 
Results were statistical categorized according to Tukey’s HSD test (P<.05). 
Fig. 1. The view of external hexagon implant, customized titanium abutment and titanium screw 
used in this study. 
Fig. 2. Digital torque meter on left-hand side and the mandrels of torque testing assembly on right-
hand side. 
Fig. 3. Application of 30 Ncm torque by the rod of the manual torque meter positioned between the 
two mandrels of the digital torque meter. 
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Influence of different maintenance times of torque application on the removal torque values to 
loosen the prosthetic abutment screws of external hexagon implants 
AUTHORS:  Gustavo Castellazzi Sella, MSc *, Armando Rodrigues Lopes Pereira Neto, MSc, 
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ABSTRACT: (178 WORDS) 
Purpose: To analyze the torque application on prosthetic abutment screws using different 
maintenance times, to determine an influence on the removal torque values. 
Materials and Methods: A total of 40 external hexagon implants, 40 titanium screws and 40 
customized abutments were used. In group 1, the screws received a torque of 30 Ncm by instant 
torque application; in groups 2, 3 and 4, torque of 30 Ncm was applied and maintained for 10, 20 
and 30 seconds, respectively. Removal torque was performed 10 minutes after torque application. 
Data were statistically analyzed using one-way ANOVA and Tukey’s HSD test (α = .05). Results: 
The mean and standard deviation (±SD) of removal torque values found were 11.61±1.43 Ncm for 
group 1; 18.64±1.71 Ncm for group 2; 21.62±0.97 Ncm for group 3; and 21.48±1.55 Ncm for 
group 4. Groups 3 and 4 exhibited statistically higher values than group 2, which demonstrated 
significantly higher values than group 1 (P<0.05). Conclusions: A torque of 30 Ncm applied for 
20 seconds seemed to be the best option when considering the removal torque values of external 
hexagon implants. 
 KEY WORDS: Dental implants; removal torque; detorque; abutment screw 
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Screw loosening is a common problem associated with implant-supported prostheses.1,2 It causes 
inconvenience to the patient and practitioner, and can become financially onerous if it occurs 
frequently.3-5  Jemt1 stated that only 69.3% of prostheses had stable gold screws at the first 
postinsertion examination. Another study specifically examined the incidence of loose occlusal 
screws in a population of patients whose prostheses had been in use for at least 5 years and 
reported that 40% of slot-headed occlusal screws and 10% of screws with an internal hexagon 
were loose.6 Nissan et al.2 reported abutment screw loosening in screw-retained 32% and in 
cement-retained 9% restorations in a long term outcome study of implant-supported fixed partial 
dental restorations followed up to 15 years. Screw loosening seemed to occur most often with 
single-tooth implant-supported restorations.7-9  
 
The screw loosening may be related to several factors, including: screw tightening, quality of the 
prosthetic components, screw design, plastic deformation of contact surfaces and lack of passive 
fit.10-16 To prevent this problem, a number of modifications have been used, including modification 
of the implant body abutment interface (external or internal hexagon or octagon), use of gold 
screws, torque-controlling devices, screw cements, and the use of a silicone obturator and washers 
between the prostheses and screws.1,5,7,8,17,18 Also, centering the occlusal contact, flattening cuspal 
inclination, narrowing the buccolingual width of the crown, and reducing the cantilever length are 
some of the recommended procedures to overcome this problem.13,19-22 
 
The mechanics of screws have  been investigated in the dental literature.5 After application of a 
torque on the head of a screw, a clamping/tensile force called preload is generated on the screw 
threads, keeping the implant and prosthesis tightly together under all static and functional 
conditions.7,9 When the contacting surfaces are under compression, surface imperfections lead to 
increased friction and decreased preload.23,24 Some researchers  estimate that up to 10% of the 
initial preload may be lost due to surface imperfections in the first seconds after torque 
application.13,21,25 The amount of preload present at the threads of a prosthetic retaining screw 
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depends on the applied torque, the presence and type of lubricant, the physical properties of the 
materials in contact, and settling of the screw after initial torquing.26,27  
 
Higher torque usually leads to greater preload values.26,27 Conversely, excessive torque yields 
permanent deformation on the screw threads, potentially leading to fracture in the long term, due to 
the fatigue associated with mastication forces.27 Thus, the application of adequate torque is 
fundamental in reducing screw loosening and avoiding screw fracture. Previous studies have 
demonstrated that the stress generated on the screw threads by an ideal preload should be 60% to 
75% of the elasticity limit of the material employed for fabrication of the abutment screw.28-30  
 
The external hexagonal system is in the form of a protruding hexagon for dental implant 
systems.13,23 The mechanism of the external hexagonal type implant abutment screw loosening and 
torque loss was already explained in many previous papers.6,7,13,15,21,23,29,31,32 Researchers have 
suggested that repeated tightening of screws removes small irregularities on the mating surfaces, 
which in turn reduces the friction at the surfaces and leads to higher preload.13,14,16,25 In contrast, 
preload may not be easily maintained with reduced frictional resistance when functional forces 
exceed it.23 Therefore, it is advised that torque/detorque cycles are minimized both in laboratory 
and clinical routines.15,16,25 As an alternative method to repeated tightening method, the torque 
maintenance time may be extended during torque application in a single screw tightening 
procedure. In the literature, no data exist on the effect of torque maintenance times of torque 
application on detorque values in external hexagon type implant abutment screws. This in-vitro 
study investigated if torque application on prosthetic abutment screws, with different maintenance 
times (10, 20 and 30 seconds), influence the removal torque values when compared to the instant 
screw tightening technique. The null hypothesis tested was that the different maintenance times do 
not influence the removal torque values when compared to the instant screw tightening technique. 
 
MATERIALS AND METHODS 
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The study was conducted on 40 external hexagon implants (Master Porous 518710 - Conexão 
Sistemas de Prótese, São Paulo, Brazil) with 3.75-mm diameter and 10-mm length, 40 customized 
titanium abutments (Munhão 128021 - Conexão Sistemas de Prótese, São Paulo, Brazil) and 40 
square titanium screws (121024 - Conexão Sistemas de Prótese, São Paulo, Brazil - Titanium) 
(Fig. 1). The abutments were fixated on the implants with the titanium screws, using a hand-held 
screwdriver (06210099 - Conexão Sistemas de Prótese, São Paulo, Brazil) until resistance was felt. 
However, torque was not applied with the hand-held screwdriver. (au: please specify what type of 
Titanium: CP/ Grade? Alloy?. Also please indicate type of thread etc… 
Titanium Screw 121024 – Titanium Ti 6Al 4V	  
Thread design (Metric thread M2.0;  pitch: 0.4 mm	  
 
The implants were randomly assigned in 4 groups with 10 implants each, on which the abutment 
screws were submitted to different times of torque maintenance (Table 1). A digital torque meter 
(AFTI Advanced Force & Torque Indicator – Mecmesin – Horsham, United Kingdom) (Fig. 2) 
was used. The implants were individually fixated in one mandrel of the torque meter and tight in 
mandrel with a manual force sufficient to prevent its rotation during application of torque. A 
modified square screwdriver was inserted in the torque wrench (40000 Conexão Sistemas de 
Prótese - São Paulo, Brazil), which differs from the conventional screwdriver only for the presence 
of a rod with 2-cm length and 2-mm diameter on one end. This end was connected to the other 
mandrel of the digital torque meter, whose function was only to position the screwdriver on the 
same rotation axis of the implant/abutment/screw assembly. Thus, the screwdriver was kept free in 
the mandrel, which only guided the movement during torque/detorque application (Fig. 3). 
 
Similar to clinical torque application as recommended by the manufacturer, a torque of 30 Ncm 
was applied by the rod of the manual torque meter for the times established for each group. As the 
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torque was applied, it was controlled by the digital torque meter, whose display recorded the 
torque applied accurately and instantaneously, so that any variations in the torque would be 
immediately corrected and kept as close to 30.0 Ncm as possible. 
 
Ten minutes after torque application for the times suggested for each group, as assessed by a 
digital chronometer, the manual torque meter was adjusted for detorque, using the same devices 
employed for torque application. The maximum torque removal value was immediately recorded 
on the display of the digital torque meter and recorded on a table. 
 
The procedure was repeated ten times on all abutment screws of each group. The removal torque 
values were registered and data were statistically analyzed using SPSS 11.0 software for Windows 
(SPSS Inc., Chicago, IL, USA). The statistical analysis included calculating the means and 
standard deviations of all groups which were then submitted to Analysis of Variance (ANOVA) 
and comparisons of the mean removal torque values between groups by the Tukey’s HSD test. 
 
RESULTS 
 
The mean removal torque values after 10 minutes were 11.61 Ncm (SD ± 1.43 Ncm) for group 1, 
18.64 Ncm (SD ± 1.71 Ncm) for group 2, 21.62 Ncm (SD ± 0.97 Ncm) for group 3 and 21.48 Ncm 
(SD ± 1.55 Ncm) for group 4.  
 
ANOVA indicated significant differences among groups (P<0.05). Post-hoc comparisons were 
made by the Tukey’s HSD test (P<0.05), and indicated statistically significant difference between 
all groups, except between groups 3 and 4, which were statistically similar (Table 2). 
 
DISCUSSION 
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In some studies, the abutment screw is recommended to be tightened once with the recommended 
torque and then tightened again a few minutes later to minimize the embedment relaxation 
between mating threads, thus assisting to achieve the optimum preload.25,31,32 However, in daily 
practice it would be more practical way to tighten the abutment screw in a single tightening 
procedure with an appropriate method. Therefore, in this study, it was aimed to investigate the 
removal torque values of different maintenance times of torque application using a single screw 
tightening procedure. 
 
The results of this study revealed that different torque maintenance times of torque application 
affected the removal torque values. There was significant difference among removal torque values 
after instant torque application, 10 and 20 or 30 sec torque maintenance times. Therefore, the null 
hypothesis that the different maintenance times do not influence the removal torque values when 
compared to the instant screw tightening technique was rejected. Statistical analysis of the results 
demonstrated that torque maintenance for 10, 20 or 30 seconds promoted a significant increase in 
the removal torque values required for screw loosening when compared to the instant torque 
application. The removal torque value in group 1 was lower when compared to group 2, which in 
turn was lower than groups 3 and 4, which were statistically similar to each other. These results 
corroborate the assumption that, when torque is maintained for a certain time (groups 2, 3 and 4), a 
great part of the plastic deformation occurring mainly in the first seconds is compensated, avoiding 
excessive loss of the removal torque value when compared to the group submitted to instant torque 
application (group 1). In the current study, with the extended torque maintenance time (10 to 30 
seconds), the minimization of embedment relaxation between the mating threads might be 
achieved. The mechanical deformation of abutment screws that were subjected repeated tightening 
procedure might also be simulated. The decrease in preload, which could  occur due to the 
corrections of surface irregularities after instant torque application might be compensated with the 
better adaptation and friction of the contacting surfaces when the maintenance time is prolonged. 
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In the current study, the removal torque values were lower than the initial torque values. The 
results of the present study agree with previous studies, which demonstrated that the removal 
torque values measured after torque application on abutment screws were always lower than the 
initial torque values.23,24-26 Concerning the removal torque immediately after torque application, 
previous studies23,33 demonstrated a considerable loss, ranging from 11% to 35% of the torque 
value. In the present study, the loss of the torque applied after ten minutes was 61.3% for group 1, 
37.9% for group 2, 27.9% for group 3 and 28.4% for group 4, demonstrating a significantly greater 
percentage of retaining torque in groups 3 and 4. 
 
Some authors have reported that the friction is greater for the first screw tightening and loosening 
and is reduced after repeated cycles of tightening and loosening.34 It is believed that the initial 
cycles of screw tightening and loosening remove irregularities of the threads produced during 
machining of the screws, implants and prosthetic abutments, smoothing the surfaces and reducing 
the frictional forces.14,16,23 This factor is directly related to the coefficient of friction, which is 
controlled in the manufacturing process and is influenced by the metallurgical properties of the 
components, design and quality of finishing of the surfaces of screws and implants.33,35 Therefore, 
some studies demonstrate that the reuse of a screw allows greater preload production with the same 
torque applied.25,28 Especially, the reuse of gold screws allows greater preload production whereas 
the titanium screws reveal constant preload values when reused. Variables, such as geometric 
design factors (the thread pitch and implant complex dimensions), the material properties of the 
components, and environmental conditions such as the state of lubrication at mating surfaces 
should be also be taken into consideration. Nonetheless, in this study, minimal variables were 
included in order to investigate the effect of torque maintenance time on removal torque values. 
When working with machined components, some errors may be introduced in each abutment 
screw or implant during fabrication. However, this study used an adequate sample size of new 
components (implants, abutments and titanium screws) to minimize these variables. The present 
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study also did not aim to compare the removal torque values after repeated cycles of screw 
tightening and loosening. 
 
A single operator conducted the experiment. Despite this, the rate of torque application, time to 
reach the maximum torque36 and torque value applied may alter the removal torque value, which 
may not be identically reproduced for all specimens. To avoid these factors and standardize the 
torque applied, an electrical device (Torque handpiece Controller, Nobel Biocare AB, Karlskoga, 
Sweden) may be used.35 When this device is used, there may be a slight variation in the torque 
applied, which may be influenced by the axial load during application. However, this electrical 
device interrupts the torque application when the programmed torque is reached, which precluded 
its use in the present study, because the desired torque should be maintained for 10, 20 and 30 
seconds in groups 2, 3 and 4, respectively.  
 
A previous study35 mentioned the occurrence of large variations in the torque value when a 
mechanical torque wrench was used, due to the corrosion caused by the sterilization process. 
However, a new mechanical torque wrench and a digital torque measuring device were used in the 
present study, in order to minimize the variations that might occur upon torque application, 
allowing the desired torque maintenance for 10, 20 and 30 seconds in groups 2, 3 and 4, 
respectively. 
 
The presence and quantity of lubricant (saliva or blood) between the components may affect the 
coefficient of friction, which is reduced as the quantity of lubricant is increased.26 The present in-
vitro study estimated the torque required to loosen the screws when considering a condition 
without humidity. Therefore, it is assumed that the removal torque values found in this study 
would be different than expected in clinical conditions. 
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The torque loss observed, in the present study, occurred in an in-vitro situation, without the 
application of any external force, different from the clinical environment, in which the implant and 
prostheses are subjected to dynamical forces. A previous study37 demonstrated that a single 
application of a physiological load on a cantilever prosthesis may cause loss of preload on the 
prosthetic screw. Another study38 revealed that the retention mechanism of implant screws is 
significantly affected in-vivo by functional and parafunctional forces. Thus, the present results 
probably underestimate the torque loss that occurs clinically. Even though plastic deformation is 
unavoidable during tightening of prosthetic screws, the search for the highest preload possible is 
fundamental for the stability and success of implant-supported prostheses.  
 
Accurate materials and procedures are recommended to achieve the best preload possible on 
implant-supported prostheses, minimizing the deformation caused by surface irregularities. This 
highlights the importance of investigating mechanisms to control the deformation of implant-
supported metallic frameworks, in an attempt to enhance the preload and prosthetic stability. The 
recommended tightening torque values of abutment screws are different in different implant-
abutment systems. In the study of Tsuge and Hagiwara13 20 Ncm tightening torque was applied for 
tightening Ti Screws of  external hexagonal implants and abutments whereas, Khraisat et al.39 used 
the CeraOne abutments in their experiment and the recommended tightening torque was 32 Ncm. 
Asvanund and Morgano29 used 35 Ncm tightening torque for connecting external hexagon 
abutments in their study model. It must be highlighted that differences in abutment screw type, 
material and the tightening torque greatly influence preload.  
 
The results of the present in-vitro study demonstrated that torque maintenance for 10, 20 and 30 
seconds are better options when compared to instant torque application, promoting higher removal 
torque values 10 minutes after torque application. The torque of 30 Ncm applied for 20 seconds 
seemed to be the best option when considering the higher removal torque values compared to the 
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torque application for 10 seconds, and was similar to the value observed for torque application for 
30 seconds, with the advantage of reducing the time of torque maintenance by 10 seconds.  
 
This simple, accessible and low-cost procedure reduces preload loss on the prosthetic screws, 
enhancing the torque required for screw loosening. Therefore, the present results encourage the 
recommendation of applying and maintaining torque for 20 seconds on the prosthetic screws.  
 
There are some limitations of this study. No comparisons were made between the removal torque 
values of torque application after repeated screw tightening procedures and a single tightening 
procedure with torque application using different torque maintenance times. Further studies are 
needed on this context using scanning electron microscopy (SEM) for the evaluation of screw 
surfaces for better interpretation of the effects of each procedure to the surface texture of the 
screws. Also, a study set-up using eccentric cyclic loading in preferably simulated body fluid is 
needed to test the effects of different variables to each procedure in external hexagonal implant-
abutment-screw complex. 
 
CONCLUSION 
 
According to the results achieved and within the experimental conditions investigated, it was 
concluded that the application of a torque of 30 Ncm for 10, 20 or 30 seconds are better options 
when compared to the instant torque application in external hexagon implants. The torque of 30 
Ncm applied for 20 seconds seemed to be the best option when considering the higher removal 
torque values compared to the instant torque application and to torque application for 10 seconds, 
and considering the similar value observed for torque application for 30 seconds.  
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LEGENDS 
Table 1. Time of torque maintenance of torque (30 Ncm) application for the groups 1, 2, 3 and 4.  
Table 2. Mean removal torque values and standard deviation (±SD) for groups 1, 2, 3 and 4. 
Results were statistical categorized according to Tukey’s HSD test (P<.05). 
Fig. 1. The view of external hexagon implant, customized titanium abutment and titanium screw 
used in this study. 
Fig. 2. Digital torque meter on left-hand side and the mandrels of torque testing assembly on right-
hand side. 
Fig. 3. Application of 30 Ncm torque by the rod of the manual torque meter positioned between the 
two mandrels of the digital torque meter. 
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